THE PRESENCE of an isolated patent ductus arteriosus can generally be determined by clinical examination. However, the differentiation of patent ductus arteriosus from the more unusual left-to-right shunts originating from the aorta is notoriously difficult, and in the presence of an associated intracardiac shunt the recognition of a patent ductus arteriosus may not be possible even by means of cardiac catheterization. The diagnosis of this malformation can be established by means of retrograde thoracic aortography or by indicator-dilution curves following central aortic injection. 2 In this laboratory, however, these diagnostic methods have not been found to be practical as "routine" or "screening" procedures. In view of the importance of determining the presence or absence of a patent ductus arteriosus, particularly in patients for whom an open operation for an intracardiac defect is planned, efforts have been directed toward the development of a simple but accurate diagnostic technic.
The versatility, reliability, and technical simplicity of the technics utilizing injections of solution Kr85 for the characterization of intracardiac shunts3-6 prompted their application to this problem. In the present study solutions of Kr85 were injected into the central aorta through a small radiopaque catheter inserted by way of an indwelling arterial needle and the appearance time of the isotope was detected in the expired air.
Patient Material and Methods
Twenty-two patients ranging in age from 2 to 59 years were studied. In eight of these the presence of an isolated patent ductus arteriosus was confirmed at subsequent operation. Three patients had rheumatic heart disease and there was no clinical suspicion of the presence of any circulaFrom the Clinic of Surgery, National Heart Institute, Bethesda Figure 1 Expiratory Kr85 time-concentration curves obtained from patient S.G. The curve on the left followed injection into the aorta near the origin of the left subclavian artery, while the curve at the right followed injection into the aorta at the level of the diaphragm. A.G., no. 02-80-15, a 59-year-old woman, was known to have had a heart murmur all of her life. Exertional dyspnea began at the age of 40 years, and she had been in overt congestive heart failure for the 4 years preceding her admission. On physical examination the findings were typical of a patent ductus arteriosus with a large left-to-right shunt and moderately severe congestive heart failure. At retrograde aortic catheterization, Krs5 injections resulted in an early appearance time (4 seconds) following injection at the level of the left subelavian artery, and a delayed appearance time (20 seconds) following injection at the level of the diaphragm (fig. 3A) . When cardio-green dye was injected into the aorta at the level of the diaphragm, the recirculation curve appeared 28 seconds later in the right brachial artery. In contrast, when the injection was made into the aorta at the origin of the left subelavian artery the appearance time of the dye was 13 seconds (fig. 3B) Figure 3B Indicator-dilution curves with brachial sampling, obtained from patient A.G. artery which was shunted from the ascending aorta through the pulmonary vascular bed. The third peak, at 16 seconds, corresponds to the systemic reeirculation curve seen in the other dilution curves.
The studies in this patient demonstrate that a left-to-right shunt originating from the aorta at the level of the left subelavian artery, i.e., a patent ductus arteriosus, can be clearly differentiated from a shunt originating from the root of the aorta. When the shunt originates from the aortic root, as in this patient, the various anatomic lesions which are responsible cannot be differentiated by either Kr85 or indicator-dye injections and thoracic aortography is indicated. In patient E.S., an aneurysm of the aortic sinus of Valsalva which had ruptured into the right ventricle was demonstrated by the latter technic. Case 5 G.B., no. 03-02-65, a 6-year-old white boy was known to have had a heart murmur since the age of 3 Figure 4 Indicator-dilution curves with brachial artery sampling following injection into the aorta at three different points. The three peaks in the curve resulting from aortic root injection are numbered, and described in detail in the text. of activity and frequent respiratory infections. On examination, a grade IMI/VI systolic murmur was heard most prominently along the left sternal border and the second heart sound in the pulmonic area was greatly accentuated. At the time of retrograde aortie catheterization, Kr85 injections revealed a rapid appearance (2.5 seconds) following injection both at the aortie valve and at the level of the left subelavian artery, and an appearance time of 8 seconds following injection into the abdominal aorta ( fig. 5A ). In order further to localize the origin of the shunt, indicator-dilution curves were obtained from the right brachial artery ( fig. 5B ). Injection into the aorta at the level of the diaphragm revealed only systemic recirculation. Injection into the aorta at the origin of the left subelavian artery revealed an early peak due to dye that had regurgitated back to the origin or the innominate artery and then passed into the right brachial artery; a small interruption of the deseonding limb due to a small fraction of dye that had shunted through the pulmonary circulation was also present. Injection just above the aortic valve revealed, (1) Figure 5B Indicator-dilution curves with brachial artery sampling following injection into the aorta at three different points.
resulting from dye passing directly into the brachial artery, (2) a larger curve resulting from the shunting of a larger fraction of dye through the pulmonary circulation, and (3) a third peak resulting from systemic recirculation (fig. 5B) been discussed in detail elsewhere,6 and it is notable that in the series of patients described herein, the test did not fail to detect any leftto-right shunt originating from the aorta. When, on the other hand, the presence of such a shunt is indicated, other methods are usually required to determine whether it results from a patent ductus arteriosus, or any of the less common lesions at the base of the heart, i.e., aorticopulmonary window, ruptured aneurysm sinus of Valsalva, ventricular septal defect with aortic incompetence, coronary arteriovenous fistula, etc. The indicator-dilution method, utilizing right brachial artery sampling, is helpful in defining the site of origin of the shunt. When the dilution curves show that the shunt originates from the aorta near the origin of the left subclavian artery ( fig. 3B ) the diagnosis of a patent ductus arteriosus is established. However, when the shunt originates proximal to this point (figs. 4 and 5B) thoracic aortography is usually necessary in order to define the specific malformation responsible. Summary A simplified technic for the detection of left-to-right shunts originating from the aorta is described. A thin, radiopaque catheter is introduced into the aortic arch through a Cournand needle placed in the femoral artery, and injections of a solution of Kr55 are made. In the presence of a shunt the injected Kr85 is rapidly detected in the expired air but in the absence of a shunt the appearance time of Kr85 in the expired air is delayed. When an aortic shunt is present it may be localized by means of injections of cardiogreen dye at various points in the aorta by sampling the blood from the right brachial artery. The value of these technics is illustrated by descriptions of their application in five patients with various forms of congenital or acquired heart disease.
